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ABSTRACT 
The manufacture of screw compressor 
rotors for the original equipment market 
presents special problems to the rotor 
manufacturer. Typically, though not 
always, designed by the user, they can be 
of many different geometries and 
configurations. For example, the outer 
diameters of the male and female can be 
identical or different, the number of 
lobes on the male and female can differ 
from the common 4/6 ratio, and the pro-
file itself can differ fundamentally from 
the common S.R.M. profile. The one 
property these parts have in common is 
that they are helical. A method is des-
cribed for proceeding directly from an 
analytical description of the profile of 
any helical rotor to a computer-generated 
cutter template, using a numerically-
controlled contouring grinder having 
accuracy and repeatability of tens of 
millionths of an inch. This paper des-
cribes work done to streamline the manu-
facture of milled rotors; a parallel 
effort is underway on the hobbing process 
of rotor manufacture. 
INTRODUCTION 
The modern helical screw compressor has 
evolved from the Lysholm design of 1934. 
From the beginning to the present day, 
the rotors that comprise a helical screw 
air end are a female, which is nearly all 
dedendum. and a male, which is nearly all 
addendum. That is to say, the pitch line 
lies near the tip of the female, and the 
root of the male rotor lobe. The actual 
profiles of the lobes of these rotors 
have changed significantly, from a 
symmetric circular arc profile used earl-
ier to todays asymmetric design. 
The rotors of helical screw compressors 
present a challenging manufacturing 
problem, even when a single product line 
is being produced. The profiles are 
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complex and the tolerances are demanding 
to permit the minimal running clearances 
required for efficient operation. The 
most difficult single part of the rotor 
manufacturing process is probably the 
design of the cutter used in milling the 
rotor lobes. This must be done only once 
for each rotor in the product line so 
that cutter design is limited to 
infrequent design changes or new models 
once the rotor family is in production. 
Not so with the O.E.M. rotor manufacturer. 
He must be ready at all times to design 
a cutter for a completely new machine, 
which may have rotors_ unlike any he has 
manufactured previously. The rotors may 
vary in length to diameter ratio, male to 
female diameter ratio, male to female lobe 
ratio, diameter, profile, and a host of 
other parameters. The manufacturing 
process requires a pair of rotor end views 
for rotor inspection on a comparator, and 
a cutter template, to be used in accurate 
shaping of the cutter. This paper will 
describe one method used to generate these 
tools, beginning with the mathematical 
theory of the design of milling cutters to 
cut helical parts. 
MATHEMATICAL BACKGROUND OF CUTTER DESIGN 
Rotors for positive displacement comp-
ressors and pumps normally consist of 
inter-meshing helical lobes having 
specific end view profiles which are 
mutually conjugate, In general, these 
end view profiles are defined in sections 
with a section of one rotor being a 
known curve and the corresponding section 
of the mating rotor being conjugate to it. 
The first step in developing a milling 
cutter to cut these helical shapes is to 
derive parametric equations for each 
section of the rotor so that each section 
is represented by an equation in the form: 
X = f (t) y = g (t) 
Then the helical surface for the 
particular section is given by: 
f (t) COS T - g (t) sin T 
f (t) sin T + g (t) cos T 
z1 t T/ 2 11 
Where T is the angle of rotation of the helix and t is the lead. 
The next step is to define the helical 
surface in the cutting plane by rotating 
the axes through an angle 8, the 
complement of the helix angle at the pitch diameter. 
xn x 1 sin 8 - z 1 cos 8 
Yn Y1 
cos 8 + z 1 sin 8 
Now, a value A can be chosen for the distance of the cutter axis from the 
center of the rotor which is suitable to 
allow spindle clearance, and cutter 
coordinates can be determined as shown in Figure 1. 
The parameter t is incremented, giving 
end view coordinates (X,Y) and for each increment a plane is passed through the helical surface producing the curve of intersection E-F. A cutter radius, R, 
and an Xn coordinate, b, of the cutter profile is determined for each pair of 
end view coordinates by minimizing the 
equation: 
(Yn- A) 2 + zn2 R2 
That is: 
(1) (Yn - A) ~ dz + Zn = 0 
Since equation (1) can be expressed in 
terms of the parameters t and T, by iterative procedure, a value for T can be found for each value assigned to the parameter t, and using this value ofT, 
the cutter coordinates are given by: b Xn 
R / (Yn-A) 2 + zn2 
APPLICATION OF THE THEORY 
The theory described above entails an iterative approach, which requires a 
computer for solution. The information 
required for a cutter design include the parametric equations of the profile and 
the specific values of the constants in 
these equations for the part to be cut. The computer solution should be as general as possible within the analytic 
constraints of the profile definition, 
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to permit variations of as many of the design parameters as possible. An overall flow chart of the program used at JOY is 























The plot of the rotor profile coordinates, 
magnified for use on an optical comp-
arator for verifying production rotor 
quality, must be highly accurate. A plot 
of a female rotor generated by this pro-gram, is shown in Figure 3 (a). A page 
of printed female rotor full end view 
coordinates is reproduced in Figure 3 (b) . In the output, Tl is the parameter t, XFl and YFl are the.rotor profile 
coordinates, and the slope given is the 
slope of the profile at that point. There 
are six values of XFl and YFl, one for 
each lobe, for each value of t. These are for a full end view. 
Figure 3 (_c) is a copy of the cutter 
coordinates corresponding to the profile 
coordinates in Figure 3 (.b)_. RDIFF is the difference between the maximum cutter 
radius and the radius R at the point being calculated. YlNDIF corresponds 
to b at that point. These coordinates 
are used directly in making accurate 
comparator charts, as with the rotor profile coordinates. They are also used 
as input to an arc-fit program, which generates a tape to control a numerically 
-controlled contouring jig grinder in 
making the cutter grinding template. This template guides the sharpening of cutters for production rotors. 
ACTUAL CUTTER DESIGNS 
The cutter design procedure described 
above has been used in the manufacture 
of an S.R.M. geometry screw compressor product line having equal male and female 
rotor diameters. Additional work has included S.R.M. rotors having dissimilar 
male and female diameters, and non-S.R.M. designs. The latter require a new 
analytic description of the form X = f (t) andY= g (.t), to describe the new 
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profile, and so take longer to implement. 
However, once the initial set of cutters 
has been designed, those for other size 
rotors having the same profile description 
can be designed with ease. 
FURTHER WORK 
A major part of the time required to 
institute a cutter design system for a 
new rotor profile is in the analytic 
description phase of the project. Often, 
in the case of an O.E."M. customer, end 
view coordinates or cutter shapes, but 
not both, are available. It would be 
desirable to have (1) a method of design-
ing cutters directly from end view 
coordinates and of (2) providing rotor 








Separation of cutter axis and 
rotor axis 
Cutter X-coordinate 
Lead of Helix 
Cutter radius 
End view parameter 
End view coordinates 
Coordinates of helical 
surface 
Xn,Yn,Zn Coordinates of helical 
surface in cutting plane 
S Complement of helix angle at pitch 
diameter 
T Angle of rotation of helix 
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(a) Female Rotor Full End View Plot 
XFl YFl SLOPE 
2 .I) 154 7"74 6 1. 8313 no .. -1.428 148')1 
2. 6 777q 83 2 t. 738'=18256 -1.5398')4'16 
''• ,.._ ----.., 
2.6Bfl0599o 
(b) Female Rotor Full End View Output 
RO.T.OR SECJ:IO"l lil-A 
Xl Yl Zl 
YPWIF ZPI R 
-o.34-to 3:ts:~qzs'14- o.49738<:~63 :::r.o~s661s'o-
O:OOIFF 
1.~5030193 -0.38303453 3.46377640 1.30933093 
-0. ~170 J. 15914741• 0.463'18924 -0.96265423 1~_:!;7448091 ----~_q. _355~~-tg~~. :: ~--,,~.:-~ ~.1?264_~_q,g __ -., .: -. 1.?_!_7_?~933;..,, .. 
-0.3050 3.16l62Jqq 0.44583964 -0.92617513 
1.23655480 -0.34177421 3.45li'l02'53 1.321.'10430 
-·r • 
' . "~~ . -~ 
-O.J,JI)q 3. l6244J2R 0.44004-()'56 .. "---- ·:,J-:c:,hiSR'16 
1.22367087 -0.33712306 3.45052963 1.12307770 
(c) Female Rotor Cutter Coordinates 
FIGURE 3. TYPICAL CUTTER DESIGN PROGRAM RESULTS 
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